Introduction
Systemic lupus erythematosus (SLE), especially when clinically active and accompanied by renal disease, has been found to be associated with low serum complement (C') (1-5) and occasionally with serum proteins that reversibly precipitate in the cold-"cryoproteins." For cryoprecipitation to occur, a heat-labile serum factor is required. This factor is present in normal human serum and has been identified as 11 S material (11 S) (6) or the C'lq fraction of the first component of complement (7) .
The cryoproteins associated with plasma cell dyscrasias are usually monoclonal, consisting of the respective paraproteins (8) . "Mixed" cryoglobulins, in contrast, consist of IgG and IgM in varying proportions and have been described primarily in SLE (6) , in a syndrome of purpura, weakness, and arthralgias (8, 9) , and in other patients with varying clinical pictures (10) (11) (12) (13) .
In this report we have further characterized mixed cryoproteins of the type found in SLE. Evidence indicating the presence of multiple components of C' in purified cryoproteins is presented.
Antigens unique to two patients were identified by antisera prepared against individual cryoproteins.
Methods
Blood samples obtained from patients in the Presbyterian Hospital and the Edward Daniels Faulkner Arthritis Clinic were allowed to clot in a 370 C water bath.
Studies were performed on fresh or fresh-frozen sera (-200C) . Clinical and laboratory features of the patients are summarized in Table I. Cryoproteins were isolated by refrigerating sera at 2 to 4°C for 48 to 72 hours, centrifuging at 2,000 rpm at 40 C, and washing three times in cold isotonic saline.
Zone ultracentrifugation was performed in gradients (10 to Rabbits were immunized with isolated cryoproteins that had been washed five times in cold saline and suspended in Freund's adjuvant. Absorption of the antisera was performed with lyophilized products (pooled normal human serum, or fractions of serum). The high molecular weight fraction from zone centrifugation of one cryoprotein (S.L.) was used to immunize guinea pigs.
Immunoelectrophoresis was performed by the technique of Grabar and Williams (16) .
Euglobulin preparations of sera were made by dialysis against 0.02 M phosphate buffer (pH 5.4) overnight in the cold. Mercaptoethanol, when used, was added to a concentration of 0.1 mole per L and the sample dialyzed overnight against saline.
The micro-C' fixation procedure of Wasserman and Levine (17) was used to test for DNA in purified cryoproteins. The samples tested were boiled for 10 minutes in pH 11 phosphate buffer followed by rapid chilling and neutralization (a technique shown to be adequate for denaturation of DNA) without the development of anticomplementary properties. tween the agglutination reactions of the IgM fractions for human Rh-sensitized cells and the cryoprecipitation of these fractions when mixed with the anti-Rh antisera (Table III) . The Rh antisera were used in amounts that gave equivalent reactions with antiglobulin reagent, but only one of them (Ba, which like Ripley provides a "diagnostic coat" 3) cryoprecipitates, appearing as a residue in the lightest zone centrifugation fraction.
A number of studies were performed on the rabbit anticryoprotein antisera. Immunoelectrophoresis utilizing antiserum specific for E.O. cryoprotein is illustrated in Figure 2 . The three main classes of immunoglobulins (IgG, IgM, and IgA) are recognized. Three components of complement were identified by the antiserum: 81c (C'3), /81E (C'4), and 11 S (C'lq). The identity of the faint line seen above P1E in Figure 2 has not been determined. a2-Macroglobulin was also recognized. The gel diffusion pattern in Figure 3 demonstrates the unique antigen in one subject. The antiserum, after extensive absorption with lyophilized NHS and a purified IgM paraprotein, recognized an antigen present only in the serum or cryoprotein from patient G.F. This unique antigen was associated with IgM as demonstrated by double diffusion (Figure 4) . The reaction could not be demonstrated after treatment of the euglobulin fraction of serum G.F. with mercaptoethanol.
The second antiserum that recognized antigens unique to the patient of origin formed three precipitin lines on immunodiffusion ( Figure 5 ). By the technique illustrated in Figure 4, Figure 6 ). In September 1963, when the patient was most severely ill, she had large amounts of cryoprotein, and antiserum prepared against her cryoprotein isolated at this time recognized three antigenic determinants unique to the patient. Sera drawn before this time reacted weakly with the antisera. One and 3 years later, the patient had improved clinically and had no measurable cryoprotein, and her serum gave no precipitin reaction with the absorbed antiserum.
The antisera used for demonstration of the unique determinants in subjects G.F. and S.L. were, in each case, absorbed with lyophilized pooled normal human serum and with a purified IgM paraprotein. With these antisera, in the gel diffusion technique illustrated in Figure 3 , 25 SLE sera, 12 IgM paraproteins (from subjects with primary macroglobulinemia), and 15 sera from patients with miscellaneous illnesses were studied. None gave visible reactions. Antisera prepared against cryoproteins of six other subjects did not recognize unique antigens.
Discussion
The cryoproteins studied in this report were found to contain IgG and IgM resembling the mixed cryoproteins first described by LoSpalluto, Dorward, Miller, and Ziff (10) and recently studied by Meltzer, Franklin, and others (8, 9, (11) (12) (13) . Patients in the present study, however, had clinical and laboratory pictures consistent with SLE rather than less clearly defined syndromes (purpuras, fatigue, and arthralgias) (9) . All of our nine patients (Table I) had arthritis and fever. Eight had skin lesions, evidence of renal involvement, and anemia, and seven had some degree of leukopenia. Six had positive LE preparations on one or more occasions. The three patients with negative LE preparations had positive immunofluorescent tests for antinuclear factor. Rheumatoid factor, on the other hand, present in all eleven of Meltzer's patients with mixed cryoglobulins (8), was found in only five of the patients in this series. The cryoproteins associated with SLE also differed in that they contained larger amounts of IgG than IgM and required a heat-labile component of C' (11 S) for precipitation.
Do the cryoproteins observed in SLE have pathogenetic significance? They are observed in patients with active disease, especially glomerulitis, in association with low serum C' levels and anticomplementary sera, and at least one component of C' (C'lq) has been shown to participate in their formation. In the present study, antisera specific for cryoproteins recognized flc-and f1E-globulins. It can be postulated that immune aggregates mediate vasculitis in SLE in a manner similar to their role in experimental serum sickness (18) . As attractive as this thesis may be (and consistent with many observations of SLE subjects), it must be admitted that the hypothetical antigen-antibody complexes have not been characterized. One can postulate that the IgM in mixed cryoproteins and the IgG with which it reacts provide all the reactants necessary for the formation of an immune complex, but it must also be considered that the anti-y-globulin IgM components are coprecipitated by some unidentified immune complex in a fashion similar to the coprecipitation of C' components. It is notable that conventional anti-y-globulin activity of purified IgM fractions of cryoproteins, as measured by hemagglutination reactions (Table III) , was weak, in the face of striking precipitation when these fractions were incubated with IgG in the cold. The observed discrepancy between cryoprecipitation of anti-Rh sera when added to the IgM component of cryoproteins and the failure of the anti-Rh reagents to sensitize cells for agglutination by the IgM fractions might be explained on the basis of genetic heterogeneity of IgG. There is evidence in man (19) and rabbit (20, 21) (22, 23) .]
In part, the present study was directed at the hypothesis that cryoproteins contain some antigen in the form of an immune complex. Antisera specific for individual cryoproteins might detect the hypothetical antigen in the immune complex. The demonstration that antisera absorbed with large amounts of normal human sera did detect antigens unique to the two subjects, however, is difficult to interpret. In both cases, the unique antigens could not be dissociated from IgM. The most likely explanation is that these antigens are unique intrinsic determinants on IgM molecules. Similar studies utilizing antisera specific for monoclonal paraproteins have demonstrated specificity for unique determinants of paraproteins, which in the case of IgM paraproteins may be destroyed by mercaptoethanol treatment (24, 25) . In the present study, however, only one of five cryoglobulins tested had an IgM component with monoclonal characteristics, i.e., single L-chain determinants. The antiserum specific for S.L. IgM component recognized three antigens by gel diffusion, and all three antigens disappeared over the period of observation. The possibility that the unique antigens are of environmental origin (microbial or otherwise) and are merely associated with IgM still exists, but no direct evidence can be cited in its support. Lee and Rivero presented some evidence for the presence of DNA in the cryoprotein of one SLE subject (26) , but comparable studies by the authors have been negative, and DNA was not detected in the cryoprotein of subject S.L. when studied with a microcomplement fixation procedure that was capable of measuring as little as 1 ug of DNA.
An explanation for the regular reactivity of anticryoprotein antisera with a2-macroglobulin is lacking.
